Background. The Sixth National Nutrition Survey 2003 revealed that the highest prevalence of overweight and obesity among Filipino female adults (30.8%) was found in the age group from 40 to 59 years. Obesity is associated with a number of chronic diseases, including cardiovascular disease, hypertension, and diabetes. Low calcium intake has been identified as a potential contributing factor to overweight and obesity.
Introduction
The results of the Sixth National Nutrition Survey 2003 revealed that the prevalence of overweight and obesity among the Filipino female population rose from 18.6% in 1993 to 23 .3% in 1998 and to 27 .3% in 2003. The highest prevalence was among women aged 40 to 59 years; the rates in this age group were 23.2% in 1993, 25.35% in 1998, and 30.8% in 2003 [1] . These estimates indicate that there has been a significant increase in prevalence rates of overweight and obesity over the previous 10 years, and these rates are considered to indicate a public health problem. Because of the number of chronic conditions that have been linked to excess body weight, interventions to address this problem are necessary.
Low calcium intake has been identified as a potential contributing factor to overweight and obesity [2] . Calcium is an essential nutrient that plays a valuable role in bone structure and strength [3] . It also acts as an intracellular regulator and as a cofactor for numerous proteins, enzymes, and hormones [4] . The recommended daily intake of calcium for Filipinos ranges from 200 to 1,000 mg, depending on the age group. Among postmenopausal women aged 50 years or over, the recommended intake is 800 mg/day [3] . The results of the Sixth National Nutrition Survey 2003 [1] revealed that the mean daily calcium intake of Filipinos is only 57.1% of the recommended intake for all Filipinos. This problem is compounded by the fact that Imelda Angeles-Agdeppa, Mario V. Capanzana, Julie Li-Yu, Linda M. Schollum, and Marlena C. Kruger with advancing age, both dietary intake of calcium and intestinal calcium absorption decrease [2] . Calcium is now well recognized as playing an important role not only in the maintenance of optimum bone health but also in mitigating chronic disease risk [2] . An accumulating body of recent evidence suggests that calciumrich foods also play a direct role in the prevention and treatment of obesity [2] . This study aimed to assess the effect of high calcium intake on weight, body mass index (BMI), waist circumference, and hip circumference of postmenopausal women.
Subjects and methods
The institutional Ethics Review Committee of the Food and Nutrition Research Institute-Department of Science and Technology (FNRI-DOST) approved the study. The study was conducted from April to December 2008 in the vicinity of Metro Manila in Taguig City, Sampaloc, and Caloocan City. Postmenopausal women were invited to participate in the study through written invitations and informational brochures sent to several private and public agencies. Interested participants had to undergo three stages of screening: an initial interview using a pretested structured questionnaire, dual-energy x-ray absorptiometry (DXA), and blood testing for biochemical screening. The volunteers signed witnessed informed consent forms for participation in the study. The purpose and details of the study were explained in the orientation.
A detailed history was taken from each volunteer, which included information on years since the last menstrual period, medical history, medications taken in the previous 3 years, and lifestyle factors related to osteoporosis. Women were excluded if they were less than 5 years postmenopausal, smoked, consumed more than two alcoholic drinks per day, were lactose intolerant, had systemic disease, regularly used medications that influence bone mass (systemic cortisone, bisphosphonates, diuretics, hormone-replacement therapy, estrogen or other steroid hormones, or Depo-Provera injections), had had a bone fracture in the previous 6 months, had rheumatoid arthritis or autoimmune disease and a medical history of metabolic bone disease (hyper-or hypoparathyroidism, Paget's disease, osteomalacia or osteogenesis imperfecta, or osteoporosis), had liver function test results or creatinine levels outside the normal range or any other history suggesting active disease in the thyroid, bone, kidney and liver, or had diabetes mellitus.
Prospective subjects who passed the screening process underwent DXA (LUNAR DPX-IQ) measurement of the hip and spine as well as hematologic and biochemical examinations including full blood count, liver function tests, kidney function tests, electrolytes, total protein, serum albumin, glucose, calcium, magnesium, phosphate, zinc, and creatinine using standard methods. Those women found to have a T-score for bone mineral density below -2.5 SD at the hip or spine or who had abnormal values on the above-mentioned blood indices were excluded from the study. Women with abnormal results from biochemical or DXA screening were referred to medical specialists for treatment.
Sixty women met the inclusion criteria and were enrolled as subjects. The subjects were randomly allocated into two groups in a doubly masked manner. Group 1 received the high-calcium milk * (supplemented group, n = 30), while group 2 received the low-calcium placebo drink (control group, n = 30) (table 1). Both the high-calcium milk and the placebo drink were packed in tin cans with color-coded stickers placed by Fonterra Brands. Neither the researchers nor the subjects were informed of the composition of the milk supplements. Before being reconstituted, the two milk powders were similar in color, and no difference in appearance was distinguishable by the naked eye. When reconstituted, the placebo drink had a thinner consistency than the high-calcium milk. The codes * Anlene™ and nutrient contents of the milk supplements were revealed to the researchers after all data analysis had been finished and the results had been submitted to Fonterra Brands in New Zealand. Standard scoops and measuring glasses were given to the subjects to ensure accurate measurement of the milk. The subjects were instructed to consume two servings of milk daily for 16 weeks; each serving contained four scoops or 30 g of milk powder reconstituted in 200 ml of potable water. The two milk powders were isocaloric. The subjects were given notebooks to record all medications taken and illnesses experienced during the course of the study, such as hypertension, fever, cough, etc., as well as complaints or any discomforts related to milk drinking, such as bloating, bad taste, fatigue, etc. To ensure compliance, strict instructions were given to the subjects to record all significant consumption information, including the frequency and time of milk intake. All information was recorded every day. Milk consumption was also monitored through weekly phone calls, during milk refills and retrieval of milk cans, and interviews during blood collection. The retrieved cans were inspected to make sure that there were no leftovers. This study is a part of a larger study on high-calcium milk supplementation among postmenopausal women and is focused only on its effects on anthropometric measures. Data on biochemical markers of bone turnover will be presented in another paper.
Anthropometric measurements were taken at the start and the end of the 16-week intervention period. Weight was measured and recorded to the nearest 0.1 kg with a Detecto weighing scale. The subjects were weighed wearing lightweight clothing and were asked to remove their shoes and accessories. Height was measured and recorded to the nearest 0.1 cm with a Depose microtoise posted against a wall. The subjects were measured barefoot while requested to stand straight, feet at a 45° angle, knees straight, head held straight, and heels, buttocks, and shoulder blades in contact with the vertical surface of the wall. The arms hung loosely at the sides with palms facing the thighs. Waist and hip circumference were measured to the nearest 0.1 cm with a nonstretch measuring tape. Waist circumference was measured at the plane between the umbilical scar and the lowest rib. Hip circumference was measured 4 inches below the waist circumference. Body mass index (BMI) (kg/m 2 ) was calculated to determine the nutritional status of the participants. All anthropometric measurements were performed twice, and values were expressed as the mean of the two measurements. Women with BMI 25 to < 30 were classified as overweight and those with BMI ≥ 30 as obese [5] . Women with waist circumference ≥ 88 cm and waistto-hip ratio ≥ 0.85 were classified as obese [5] .
The quantitative assessment of dietary intake was based on the mean of a 2-day, 24-hour food recall that was done at baseline and at the end of the study. To determine the quality of foods consumed, a supplementary questionnaire on the frequency of intake of identified calcium-rich foods was also administered. To ensure the accuracy of food descriptions and portion sizes, the participants were asked to give the brand names of the food products consumed, if possible. Models of standard household measures (e.g., cups and tablespoons) were used during interviews to define amounts. Food intake was transformed to nutrient intake using Individual Dietary Evaluation System (IDES) software. The IDES is an in-house program developed by FNRI-DOST that converts all food items to a common state to facilitate the computation of nutrient contents. Zinc, magnesium, and vitamin D were not analyzed because the Filipino Food Composition Table does not yet contain these nutrients [6] . Adequacy of intakes was assessed using the 2002 Philippine Recommended Energy and Nutrient Intake [3] .
Physical activity was assessed by a structured questionnaire that covered four domains of physical activity (work, transport, domestic and garden, and leisure time) and time spent sitting to determine the weekly frequency and duration (number of hours per session) of these physical activities. The level of physical activity was measured with the use of the International Physical Activity Questionnaire (IPAQ) scoring protocol (presented as the estimation of energy expenditure in metabolic equivalent-minutes per week [MET-minutes/ week]) and followed the IPAQ categorical classification (low, moderate, or high) of physical activity level.
All data were encoded with the use of SPSS, version 9.0. Data encoded or processed from separate files were merged with the use of a unique code referring to the same participant. Data were analyzed according to appropriate SPSS procedures. Data sets that are normally distributed, such as the values for anthropometric measurements, were analyzed with the independentsamples t-test for between-group comparisons and the paired-samples t-test for within-group comparisons. For data sets that are not normally distributed, such as the values for physical activity levels and some nutrients, the two-sample Kolmogorov-Smirnov test was used to test the difference between intervention groups, and the Wilcoxon signed-ranks test was used for within-group comparisons. Spearman's rho correlation was used to test the relation between total physical activity and anthropometric measurements (height, weight, waist circumference, hip circumference, and waist-to-hip ratio) and the relation between energy and nutrient intakes and anthropometric measurements.
Results
The mean (± SD) age of the subjects was 56.10 ± 3.22 years in the supplemented group and 57.03 ± 4.60 years in the control group. Thirty percent of the subjects in both intervention groups had a college education. The subjects were government clerks (supplemented, 20%; control, 20%), laborers (i.e., street sweepers) (supplemented, 20%; control, 10%), business owners (supplemented, 16.7%; control, 16.7%), or housewives (supplemented, 33.3%; control, 43.3%). Most of the subjects in both intervention groups were married and belonged to an extended-type family. The mean monthly family income did not differ between the supplemented and the control groups (PhP 9,049.9 and 9,192.0 or US$196.74 and US$199.83, respectively) ( table 2) .
At baseline, there were no significant differences between the supplemented and the control groups in mean weight (59.40 vs. 57.34 kg, respectively; p = .463), height, BMI, waist circumference, hip circumference, and waist-to-hip ratio (table 3) .
In the supplemented group, there were no significant differences in height, weight, BMI, waist circumference, hip circumference, and waist-to-hip ratio between baseline and postintervention values. However, in the control group after intervention, there were significant increases from baseline in weight (p = .008), BMI (p = .007), waist circumference (p = .018), and hip circumference (p = .003). There was also an increase in the number of obese subjects in the control group (table 4).
No significant differences were observed in baseline mean energy intake and percent adequacy between the supplemented group (1,570 kcal [97%]) and the control group (1,288 kcal [80%], p = .134. Betweengroup comparison showed no significant differences in baseline mean protein intake and percent adequacy between the supplemented group (52.2 g [90%]) and the control group (47.1 g [81.3%], p = .952). Baseline mean iron intake and percent adequacy were significantly higher in the supplemented group (9.8 mg [36.2%]) than in the control group (7.7 mg [30.4%], p = .016). No significant differences between groups were observed in the baseline mean intake of thiamine (p = .586), riboflavin (p = .388), and niacin (p = .998). The baseline mean carbohydrate intake was significantly higher in the supplemented group than in the control group (247 vs. 202.6 g, p = .003). There were no significant differences between the control and the supplemented groups in baseline mean fat intake (32.1 and 41.3 g, respectively), median vitamin A intake, median vitamin C intake, or median calcium intake (349.2 mg [43.7% adequacy] and 354.5 mg [44.3% adequacy]), respectively) (table 5).
When the intake of nutrients contained in the placebo was excluded, there were significant decreases from baseline to post-intervention in the control group in the mean intakes of energy and all other nutrients (carbohydrates, protein, fats, iron, thiamine, riboflavin, and median calcium and vitamin C). When the intake of nutrients contained in the calcium-fortified supplement was excluded, there were no significant changes in the supplemented group between the baseline and postintervention intakes of fats, protein, iron, thiamine, and riboflavin, but there were significant decreases in the intakes of energy, carbohydrates, and median calcium and vitamin C. When the intake of nutrients contained in the placebo or the calcium-fortified supplement was excluded, there were significant postintervention differences between the supplemented and the control groups in the mean intakes of energy (p = .016), protein (p = .016), iron (p = .035), and carbohydrate (p = .035) When the total intake of nutrients was considered, including the nutrients contained in the placebo and calcium-fortified drinks, the postintervention intakes of energy and protein were significantly higher in the supplemented group than in the control group (table 6) .
There was no significant difference in the median level of physical activity between the supplemented and the control groups at baseline (p = .388) and postintervention (p = .586). Moreover, no significant change was observed in the median levels of physical activity of the supplemented group (p = .057) and the control group (p = .820) from baseline to postintervention. No significant difference was observed between the supplemented group and the control group in the time spent sitting at baseline (p = .952) and postintervention (p = .998). However, there were significant increases in time spent sitting within the supplemented group (p = .005) and the control group (p = .007) from baseline to postintervention. Physical activity levels were not associated with the anthropometric measurements.
Discussion
This study attempted to determine the effect of a high-calcium milk supplement on body weight, BMI, waist and hip circumferences, and waist-to-hip ratio of postmenopausal women. The subjects were 56 to 57 years of age. As women age, they lose muscle mass because they engage less in physical activities, and muscles are the primary force behind metabolism. There is a strong link between exercise volume and metabolic rate. More exercise would result in a higher metabolic rate. The fact that people tend to exercise less as they age is partly responsible for the drop in metabolic rate. Loss of muscle mass causes metabolism to drop. In addition, the number of calories women need drops because muscle mass decreases [7] . These factors can lead to unexpected weight gain because women are not consciously changing anything about their lifestyle. The results of this study showed that there were significant increases in weight, BMI, and waist and hip circumferences in the control group, even with lower nutrient and energy intakes, compounded by low levels of physical activity.
The significant decrease in energy intake in both intervention groups when energy contained in the placebo or supplement is excluded (table 5) could be due to the consumption of milk. Milk consumption may have caused increased sensations of fullness and reduced subsequent energy intake by an amount equal to or greater than the amount of energy contained in the milk [8] [9] [10] . A study by Dove et al. concluded that consumption of skim milk, in comparison with a fruit drink, leads to increased perceptions of satiety and decreased energy intake at a subsequent meal [11] . However, another study found that consumption of a dairy diet high in calcium and vitamin D did not affect subjective sensations of hunger and satiety in the immediate postprandial period, although spontaneous food intake over the subsequent 24-hour period was significantly suppressed [12] .
In both intervention groups, the median level of total physical activity significantly decreased and the total time spent sitting significantly increased between baseline and postintervention, with no differences between the groups in any measure of physical activity. The mean increments in BMI (0.7), waist circumference (1.8 cm), and hip circumference (2.6 cm) in the control group are causes of concern because of the many noncommunicable diseases and increased mortality linked with obesity and inactive lifestyles [13] .
However, further analysis of our data revealed that energy and nutrient intakes and the physical activity levels of the subjects were not found to be associated with the anthropometric measurements. The significantly greater increases in BMI, waist and hip circumference, and weight in the control group compared with the supplemented group may be due to the positive effect of low calcium intake on overweight and obesity.
Many studies have shown positive effects of calcium on weight reduction [14] [15] [16] [17] [18] [19] [20] [21] [22] , but others have found negative or no effect on weight loss [23] [24] [25] [26] . Our study supports the "calcium paradox" in obesity. The control group had a statistically significant 1.6-kg weight gain during the 16-week intervention. The high-calcium milk group, which received 600 mg of calcium per day, had a nonsignificant increase in weight (0.8 kg). Zemel et al. found that consumption of three servings a day of dairy products containing 1,200 mg of calcium resulted in decreased weight, total body fat, and trunk fat and increased or preserved lean mass compared with consumption of less than one serving a day of dairy products containing 500 mg of calcium [27] . Another study showed that those who consumed three servings of milk, yogurt, or cheese a day, containing 1,200 to 1,300 mg of calcium, while on a balanced, modestly reducedcalorie diet, lost significantly more weight and fat than those who consumed similar amounts of calcium in supplements or who consumed little or no dairy food [5] . Other studies have also shown the positive effects of calcium in weight reduction [28] [29] [30] [31] . It has been postulated that milk is rich in bioactive compounds that may act independently of calcium in modulating body fat accumulation [32] . Several mechanisms by which dietary calcium may modulate body weight and body fat in humans have been suggested. Higher dietary calcium intake reduces fat absorption due to the formation of insoluble calcium-fatty acid soaps in the gut [33, 34] . Another study suggested that high-calcium diets protect against fat gain by creating a balance of lipolysis over lipogenesis [19, [35] [36] [37] . Another possibility is that lower calcium intakes may be related to reduced rates of fat oxidation [38] , which has been shown to be a predictor of weight gain [39] .
The high-calcium milk powder used in this study contained 21.3 g of calcium per 100 g of protein. The majority of the balance studies in humans have not reported a change in calcium absorption in response to dietary protein [40] . However, some balance studies have shown an increase in calcium absorption as dietary calcium increases [41] [42] [43] . In general, balance studies should be interpreted with caution, because the method is highly dependent on quantifying fecal calcium loss, which is difficult to measure accurately [44] . On the contrary, isotopic studies found no associations between intestinal calcium absorption and usual intake of dietary protein [45, 46] . In these experiments, protein was not manipulated, which could possibly inject large interindividual variability in intestinal calcium absorption, and many other dietary factors that can affect calcium absorption may explain why a relationship between protein intake and intestinal calcium absorption was not observed [47] . The mechanism for the rise in intestinal calcium absorption in response to dietary protein is not well established. Dietary protein and amino acids are gastric acid and gastrin secretagogues [47, 48] . Gastric acid helps to solubilize dietary calcium and could potentially improve its bioavailability [49] [50] [51] . Alternatively, the peptide fragments (casein and phosphopeptides) that are released during protein digestion may aid in solubilizing calcium, making it more available for absorption [52] [53] [54] [55] . Diets with reduced levels of carbohydrate and increased levels of protein may promote weight loss via this pathway. The vitamin D that is also contained in the highcalcium milk powder aids in calcium absorption. High dietary calcium loads are absorbed primarily by a vitamin D-independent paracellular transport pathway in the intestine and have salutary effects on calcium balance via increases in net calcium absorption. Adequate intakes of vitamin D throughout the life cycle are needed to optimize calcium absorption [56] . On the other hand, the magnesium in the milk powder may have promoted the absorption and retention of calcium in the body. Magnesium determines calcium balance [57] . Without magnesium, calcium may not be fully utilized, and underabsorption problems may occur leading to arthritis, menstrual cramps, and some premenstrual symptoms [57] .
In conclusion, the results of this study indicated that consumption of high-calcium fortified milk with added protein, vitamin D, and magnesium (which may have aided in the intestinal absorption of calcium) was beneficial in maintaining the body weight of postmenopausal Filipino women, whereas a low intake of calcium resulted in increased weight, BMI, and waist and hip circumferences of these women. Thus, promoting high dietary calcium intake, which can be effectively adapted at a population level, seems a useful strategy in the overall approach to the growing problem of obesity in the Philippines. Such dietary changes, if sustained over a long period of time, may be a useful public health measure to reduce obesity-related diseases in the Philippines.
